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After export from the nucleus, ribosomes need to be dis- 
tributed throughout the entire cell so that protein synthesis 
can occur even at distant sites. In the elongated hyphal 
cell of the fungus Ustilago maydis, Higuchi et al. (2014. 
J. Cell Biol, http://dx.d0i.0rg/l 0. 1 083/jcb.201 3071 64) 
now demonstrate that polysomes associate with early en- 
dosomes that undergo kinesin 3- and dynein-dependent 
long-range motility. The bidirectional movement of early 
endosomes randomly distributes polysomes, which may 
ensure the even distribution of the translation machin- 
ery across the entire cell. 

In large cells, such as oocytes and neurons, the nucleus, where 
ribosomes are assembled, is distant from regions of the cell 
where local protein synthesis takes place. So, how is the distri- 
bution of ribosomes within the entire cell achieved? In neurons, 
ribosomal subunits are found in RNA granules, large macro mo- 
lecular structures that contain RNAs and serve as motile units 
that translocate these transcripts to remote regions of the cell 
(Krichevsky and Kosik, 2001; Kanai et al., 2004; Elvira et al., 
2006). Also in neurons, ribosomes associate with a cell surface 
receptor (the netrin receptor DCC), which has led to a model for 
localization of protein synthesis based on the interaction of the 
translation machinery with membrane receptors (Tcherkezian 
et al., 2010). Lastly, evidence suggest that ribosomes can even 
translocate into myelinated axons from Schwann cells (Court et al, 
2008). In this issue, Higuchi et al. identify another mechanism 
of ribosome transport; they find that in the fungus Ustilago maydis, 
polysomes are actively transported on early endosomes (Fig. 1). 

U. maydis is an interesting model to study the issue 
of localized translation. In addition to division by budding, 
U. maydis also undergoes dikaryotic hyphal growth, during 
which the hyphae become elongated with the nucleus positioned 
50 um behind the growing tip. Hyphae contain both unipolar 
and antiparallel microtubule (MT) arrays, and kinesin 3 (kin3) 
and dynein (dyn) are major motor proteins for the transport 
of many cargoes (for review see Egan et al., 2012). To understand 
how ribosomes are distributed within the hyphae, Higuchi et al. 
(2014) examined the movement of fluorescently tagged ribo- 
somal proteins Rpl25 and Rps3. Through their measurements 
of ribosome movement in hyphae combined with mathematical 
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modeling of ribosome allocation, they determined that diffusion 
alone could not support the observed distribution of ribosomal 
subunits. In fact, directed movement of particles containing 
both fluorescently tagged Rpl25 and Rps3 was occasionally de- 
tected at speeds of 2 um/s, which suggests active transport on 
MTs. This is further supported by the fact that the inclusion 
of both diffusion and active transport in the model results in 
a distribution of the ribosomal subunits that match the experi- 
mental results. Moreover, in kinJ and dyn mutant cells, Rpl25 
accumulates in the region close to the nucleus, and its distribu- 
tion does not extend toward the tip, in a pattern that resembles 
the distribution of ribosomes from the mathematical model when 
only diffusion but not active transport is included. 

Given that kin3 and dyn also transport RNAs associated 
with Rrm4, an RNA-binding protein required for mRNA trans- 
port (Baumann et al., 2012), the authors analyzed whether ribo- 
somes might also travel with these Rrm4 RNPs. They observed 
that fluorescently tagged Rps3 and Rrm4 comigrated, and rrm4 
mutant cells show reduced Rpl25 motility and partial depletion 
of ribosomes from the growing tip. Interestingly, these transported 
Rrm4 RNPs associate with organelles that carry the endosomal 
protein Yupl (Baumann et al., 2012), raising the possibility 
that moving ribosomes also associate with a membrane-bound 
vesicle or compartment. In fact, Baumann et al. (2014) recently 
showed that septin mRNA, septin protein, and ribosomal pro- 
teins colocalize with shuttling endosomes, and that endosomal 
trafficking is important for delivery of septin protein to filaments 
at growth poles. Now, Higuchi et al. (2014) show that Rpl25 
colocalizes with Rab5 on the moving organelles. Rab5 is an en- 
dosomal marker (Bucci et al., 1992), and in fungi, kin3- and 
dyn-dependent motile Rab-5 endosomes have been described 
previously (Wedlich-Soldner et al., 2002; Fuchs et al., 2006; 
Lenz et al., 2006; Abenza et al., 2009; Zhang et al, 2010; 
Schuster et al., 2011). This work by Higuchi et al. (2014) con- 
firms the identity of these unusually mobile Rab5 vesicles as 
early endosomes, as shown by pulse-chase experiments with 
FM4-64, their colocalization with Rab4 (another early endo- 
some marker), their enrichment of the lipid PtdIns(3)P, and their 
lack of colocalization with Rab7. More importantly, the reduc- 
tion of early endosome numbers in yupl mutants results in an 
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EE Ribosomes Rrm4mRNP RNA granule 

Figure 1 . Modes of ribosome distribution. In U. maydis, ribosomes are distributed in the hyphal cell on microtubule tracks (black lines) by loading onto 
Rrm4 RNPs that are themselves hitchhiking on mobile early endosomes (A and D). This transport of ribosomes on early endosomes is the major mechanism 
for ribosome distribution in these cells, but it is unknown how conserved this mode of transport is in other systems. In addition to diffusion, and most likely 
facilitated diffusion by motor-mediated cytoplasmic streaming, ribosomes can also be distributed in the cell directly by motors (B; Bisbal et al., 2009; the 
ribosomal protein Po interacts with the motor Kif4) or as part of transported RNA granules (C; see main text). Ribosomes also interact with MTs through 
the motor protein Eg5 (Bartoli et al., 201 1), although the possible link of this interaction with ribosome transport has not yet been explored. Dyn, Dynein; 
EJC, exon-exon junction complex; EE, early endosome; hnRNP, representing various hnRNPs bound to mRNAs; Kin3, kinesin 3; N, nucleus. 



impairment of Rpl25 motility, and defects in Rpl25 distribution. 
Collectively, these observations strongly suggest that ribosomes 
comigrate with early endosomes across the entire cell in a com- 
plex formed by the loading of ribosomes onto Rrm4 RNPs, and 
the interaction of Rrm4 with early endosomes (Fig. 1). 

Is translation active on these early endosome-associated 
ribosome-containing RNPs? Baumann et al., (2014) showed 
that the presence of the septin mRNA is crucial for the entry of 
the encoded protein into the Rrm4-positive endosomal compart- 
ment, which suggests that local translation on endosomes takes 
place. Now, Higuchi et al. (2014) provide strong evidence sup- 
porting this idea. First, they estimate that there are several ribo- 
somes per individual endosome (by comparing the intensity of 
each signal with a fluorescent nucleoporin). Second, exposing 
cells to mild stress conditions, which inhibit translation due to 
polysome disassembly, reduces Rpl25 association with early en- 
dosomes and ribosome motility, without affecting early endosome 
movement. Importantly, motility of Rpl25 is almost abolished 
when cells are treated with inhibitors of translation initiation. 
Third, nascent GFP-Rho3 (Rho3 mRNA is one of the transcripts 
in Rrm4 RNPs; Konig et al., 2009) comigrates with 2.76% of the 
Rab5 endosomes. All these results together support the notion that 
early endosome-associated polysomes are translationally active. 

In kin3 and dyn mutants, early endosomes do not distribute 
along the cell, and ribosomes accumulate close to the nucleus, 
as they do in rrm4 mutant cells. Thus, an important function 
for this Rrm4-mediated association of polysomes to early endo- 
somes might be to spread out the translation machinery across 
the cell. If this were the case, then it would be expected for 
ribosomes to hop on and off the moving early endosomes so that 



an even cytoplasmic distribution of the translation machinery 
can be achieved. Translation elongation inhibitors significantly 
increased the amount of time Rpl25 traveled on early endosomes, 
which suggests an impaired turnover of the ribosomal subunits. 
Furthermore, the mean distance traveled by the early endosomes 
is longer than the mean distance traveled by Rpl25 or Rrm4, 
which suggests that polysomes and the RNPs "fall off' the mov- 
ing early endosomes. In fact, Rrm4- and Rpl25-GFP signals fre- 
quently separated from moving early endosomes, and remained 
relatively stationary after deposition in the cytoplasm. 

This elegant work using an extremely resourceful model 
system has allowed the intriguing finding that ribosomes can be 
moved by "hitchhiking" on endosomes. Many new questions 
emerge from this study: Do other RNA-binding proteins inter- 
act with early endosomes or other endosomal compartments? Is 
the on/off rate regulated, and if so, how? And more importantly, 
is this mechanism for ribosome distribution used by any other 
organisms? Rrm4 homologues are restricted to the basidiomy- 
cete fungi, raising the question of whether that early endosome/ 
Rrm4-mediated ribosome movement is widely conserved. How- 
ever, other RNA-binding proteins might mediate the interaction 
of RNPs with membranes in higher eukaryotes. For example, in 
budding yeast, association of localized mRNAs with the ER re- 
quires She2p, an RNA-binding protein that can also specifically 
bind to ER-derived membranes in a membrane curvature- 
dependent manner (Genz et al., 2013). This new role of the early 
endosomes in spreading out the translation machinery by motor- 
mediated bidirectional movement will inspire researchers to 
further explore interactions between the translational apparatus 
and cellular organelles. 
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